Inorganic arsenicals impact on vegetative growth of two sunflower (Helianthus annuus L.) cultivars (FH-385 as Hybrid 1 and FH-405 as Hybrid 2) was monitored. Various levels of two different sodium salts of arsenic, namely, sodium arsenate (Na 2 HAsO 4 ⋅7H 2 O) as source of As 5+ and sodium arsenite (NaAsO 2 ) as source of As 3+ , were used to evaluate the effect of arsenic on plant water relation parameters. Significant stress effects were found when arsenic was higher in concentrations (>60 mg/kg soil of both salts) as compared to control plants. Genotype FH-405 showed higher levels for shoot and root length, water contents, number of leaves, and leaf area, which indicates well adaptation of this cultivar in arsenic contaminated environment. T5 (100 mg/kg) of both salts showed notable stressful impacts as compared to low arsenic concentrations (20, 40 mg/kg) and especially control plants in case of all morphophysiological parameters of sunflower cultivars.
Introduction
Worldwide, metal contamination has extremely increased in the biosphere as a result of rapid urban and industrial growth [1] . This situation is alarming in the developing world where untreated waste water is extensively used for irrigation or is disposed of in water resources [2, 3] . The Environmental Protection Agency (US, EPA) concluded that arsenic is a Group A carcinogen, known to trigger skin, bladder, and lung cancers, and thus has become a metaphor for poison [4] . A level of 0.1 g of arsenic trioxide (As 2 O 3 ) can prove potentially lethal and an ingested dose of 70-80 mg of arsenic trioxide (As 2 O 3 ) is deadly fatal to humans [5] . Arsenic is ubiquitous, found in air, water, and fuels as well as marine life, and is also present as an impurity in coal and oil-based products such as fuels like petrol, diesel, and motor oil [6, 7] . Globally, the burning of coal has been the major anthropogenic input of arsenic to the surface environment [8] .
Arsenic contamination in ground water is a severe global environmental problem [9] . Many arsenic compounds present in the terrestrial and marine environments have been detected [10, 11] . More than 200 minerals containing arsenic have been identified out of which about 60% are arsenates and 20% are arsenides, arsenites, and oxides while remaining 20% are sulphides and sulphosalts [12] . Arsenate [As (V) ] and arsenite [As (III) ] are the primary inorganic arsenic forms [13] . There lies a complicated relationship between arsenate and arsenite in soil and water systems by the presence of organic matter, clay minerals, oxides of iron and aluminium, soil redox potential, soil pH, and microbial action [14] . It was reported that arsenate strongly binds iron and manganese oxides and remains in the surface soil layer after deposition [15] . Merwin et al. [16] reported higher arsenic concentration after fifteen years in the top 20-40 cm of orchard soils treated with lead arsenate. The soil arsenic can be absorbed by the farm crops such as grains, vegetables, and fruits, and 2 Journal of Chemistry utilization of these contaminated farm crops as food can have hazardous effects on human and animals health [17] . Arsenic is not essential for plant growth [18] . There are different ways by which plants handle toxic heavy metals such as phytoimmobilization, phytostabilization, rhizofiltration, phytovolatilization, and phytoextraction, the latter being most widely accepted for remediation of soils contaminated with toxic heavy metals [19] . Because of chemical similarities to phosphate, arsenate is able to replace phosphate in many cell reactions and it shows many toxic effects to plants including wilting of new-cycle leaves and retardation of root and top growth [20] . Imran et al. [21] reported that higher levels of inorganic arsenicals have posed a stress over seed germination parameters like germination percentage, seedling vigour index, and length and fresh as well as dry weights of plumules and radicles. Arsenite (As (III) ) posed more stressful effects than that of arsenate (As (V) ) contamination [20] . Sunflower (Helianthus annuus L.) of family Asteraceae, tribe Heliantheae, is an annual, erect, broad leaf plant with a strong taproot and prolific later spread of surface roots. It was originated in North America as a "camp follower" of Western Native American tribes who domesticated the crop possibly 1000 BC. It was first introduced to Europe through Spain and spread through Europe as a curiosity until it reached to Russia where it was readily adapted as oilseed crop [22] . In Pakistan, sunflower was introduced in early sixties but its acreage and yield remained stagnant until 1980/81 when its area and yield started to increase in Punjab [23] . Being a short duration crop, it can be fitted well in Pakistan cropping system [24] . It is the most important oilseed crop of the world due to its wide range of adaptability and very high oil contents' seeds, ranging from 40 to 50% with 23% protein [25] . Its cultivation is increasing due to high edible oil contents [26] . Imran et al. also reported sunflower as one of the newly added crops to human food chain in Pakistan while researchers, namely [27, 28] , considered it as the world's fourth largest oilseed crop.
Most of the research works in context of arsenic accumulation in food crops have been focused on rice (Oryza sativa L.) [20, 29] , wheat (Triticum aestivum L.) [30] , maize (Zea mays L.) [31] , bean plants [32] , and so forth. At elevated arsenic concentrations, the reduction in biomass production and oilseed yields was reported in a variety of crops by Carbonell-Barrachina et al. [32] . With soil application of only 50 mg As kg −1 , the reduction in yield of barley (Hordeum vulgare L.) and rye grass (Lolium perenne L.) [33] , wheat (Triticum aestivum L.) [34] , rice (Oryza sativa L.) [18] , and maize (Zea mays L.) [31] was recorded. There is less extensive work that has been conducted on sunflower (Helianthus annuus L.) [35] . The early vegetative stages (transition stages) are important for R & D work in which plant is preparing itself to enter in yield producing or reproductive stage and any kind of stress proves to be severely crucial for overall plant growth and yield. The present study was undertaken in context of Pakistani origin genotype varieties to evaluate the effect of various levels of inorganic arsenicals on some important vegetative and plant water relation parameters of sunflower cultivars.
Materials and Methods
An experiment was conducted in pots on two cultivars of sunflower, namely, FH-385 and FH-415, in the warehouse of the botanical garden, University of the Punjab, Lahore. The seeds were obtained from Ayyub Agriculture Research Institute (AARI), Faisalabad, Pakistan. Ten seeds of each hybrid were sown in each pot and the plants were watered with halfstrength Hoagland's nutrient solution [36] approximately 6 times prior to harvesting and data collection. Clay loam soil having 57% clay, 29% sand, 14% silt, 0.74% organic matter, pH (7.8), and 4.7% nitrogen contents was used for filling the pots according to protocols described by Bouyoucos and Basu [37, 38] . Two arsenic salts, sodium arsenate (Na 2 HAsO 4 ⋅7H 2 O) and sodium arsenite (NaAsO 2 ), were mixed thoroughly in the soil to attain 0, 20, 40, 60, 80, and 100 mg As/kg soil concentrations. The soil was prepared fifteen days before sowing of seeds. The experiment was laid out in a completely randomized design with three factors comprising two sunflower varieties, two types of arsenic salts, and five levels of each salt. Data regarding morphology, growth, and water relation were recorded before flowering. Plants were uprooted carefully and lengths and fresh weights were calculated readily; after that plants were packed in blotting paper bags and kept in oven for 72 hours at 80 ∘ C to calculate dry weights. The fresh weight, turgid weight, and dry weights of leaves 
Result and Discussion
The data collected at preanthesis (before flowering) or vegetative stage of both sunflower cultivars (FH-385 as Hybrid 1 and FH-405 as Hybrid 2) was analyzed statistically. It was found that all the different arsenic levels (0, 20, 40, 60, 80, and 100 mg/kg in soil) of both inorganic arsenicals sodium arsenate (Na 2 HAsO 4 ⋅7H 2 O) and sodium arsenite (NaAsO 2 ) showed significant effects on about all morphological, physiological, and plant water relation parameters. Two-way analysis of variance (ANOVA) for various growth parameters including shoot and root length (cm) and shoot : root ratio is given in Table 1 . In case of shoot length, significant differences ( < 0.01) were found for sunflower varieties and levels of arsenic whereas nonsignificant ( > 0.05) differences were recorded in salts. Out of different interactions, salt into level interaction also showed significant differences ( < 0.01) but all other interactions among varieties, salts, and levels showed nonsignificant differences. ANOVA for root length also showed that varieties differed significantly ( < 0.05) and levels too ( < 0.01), whereas salts and all interactions among the three factors showed nonsignificant differences. Varieties and salts also differed significantly in case of shoot to root ratio but levels showed nonsignificant differences whereas out of different interactions variety into salt and variety into levels showed significant differences but variety into salt into level showed nonsignificant differences. Varieties, levels, and all interactions except variety into salt showed significant differences but salts showed nonsignificant differences in case of moisture contents of shoot. Analysis of variance of data regarding moisture contents of root revealed significant differences for varieties, salts, levels, and interaction among varieties, salts, and levels. Decrease in shoot length and root length was obvious with increasing levels or concentrations of arsenic in soil (Table 2 ). Moisture contents of shoot were increased randomly with increasing level of arsenic in both sunflower varieties while decreasing trend was observed in moisture contents of root especially in H2 or FH-405. Shoot length, root length, and number of leaves were all decreased gradually and showed deterrent effects on water contents of shoot and root, with increasing concentrations of arsenic in the rhizosphere, especially the highest concentration of arsenic (100 mg As/kg soil) affected more severely as compared to control (without any As contamination) in case of all growth and plant water relation parameters of both sunflower cultivars (Table 2) . Maximum value for shoot length (40.67 ± 0.67 cm) was recorded in control (T0) of sunflower variety H2 (FH-405) whereas minimum value of shoot length (17.33± 0.88 cm) in T5 (100 mg As/kg) of H1 (FH-385), similarly in case of root length highest value (19.67 ± 0.88 cm) was recorded in control plants of FH-405 and minimum root length (8.33 ± 0.88 cm) in case of 100 mg As/kg soil in FH-385 representing that cultivar FH-405 showed better root growth in arsenic contaminated soil than FH-385. These results are in conformity with those of Liu and Zhang [7, 34] who performed experiment on wheat cultivars and applied similar concentrations of arsenic in the soil and recorded reduction in growth parameters of wheat (Triticum aestivum L.) and rape (Brassica napus). Significant variation in number of plant leaves, leaf succulence, relative water contents of leaf, and leaf area in both of sunflower cultivars was observed with increasing the arsenic concentration.
Sunflower varieties, nature of arsenic salts, and all other interactions among the three factors showed nonsignificant differences in case of number of leaves but levels of arsenicals showed significant differences. In case of leaf area sunflower varieties, salts and levels of arsenic, and all interactions among these three factors showed significant ( < 0.01) differences (Table 3) . Varieties and interactions between varieties and salts showed significant differences for leaf succulence but salts, levels, and interactions of these factors showed nonsignificant differences. In case of relative water contents Journal of Chemistry Journal of Chemistry of leaf varieties, levels and interaction of variety into salt and salt into level revealed significant differences but salts and remaining interactions showed nonsignificant differences.
Number of leaves was also reduced with increase in arsenic concentrations in both cultivars and under both arsenicals but leaf area was first increased and then decreased in H1 (FH-385) ; similarly effect of both arsenicals was random in case of relative water contents of leaves, leaf succulence, and leaf area too in both sunflower varieties (Table 4) . Both of the inorganic salts of arsenic behaved similarly showing nonsignificant differences, but different levels of arsenic posed different proportions of stress over both of sunflower cultivars in case of all morphophysiological and water relation parameters recorded during the course of study. Significant differences ( < 0.01) for varieties, levels of arsenic, and salts of arsenic used were found in case of leaf area in plants, whereas an unexpectedly maximum value (108.68 ± 1.23) was found in level (60 mg As 5+ /kg) in H1 (FH-385) plants showing a bit positive effect of arsenic and better growth of sunflower leaves along with its adaptability towards arsenic but when in low concentrations arsenic caused reduction in leaf area because of least value (46.73 ± 2.31) was recorded in level (20 mg As 5+ /kg soil) in H2 (FH-405) cultivar of sunflower showing sensitive behavior in higher concentrations of rhizospheric arsenic.
Conclusion
It is concluded from the data that both cultivars of sunflower (FH-385 and FH-415) showed similar vegetative growth and physiological development under various levels of arsenic either as sodium arsenate or as sodium arsenite present in soil or in irrigation water. An increase in leaf area was recorded in case of sunflower cultivar FH-385 when arsenic as sodium arsenate was present in soil in low concentrations (<80 mg As/kg soil) showing ability of this cultivar to cope with arsenic as leaves are major organ controlling plant growth and metabolism. Number of leaves, leaf succulence, and relative water contents of leaf were also moderately affected by all different levels of arsenic either as sodium arsenate or as sodium arsenite; even an increase in leaf succulence compared to control plants was recorded in cultivar FH-405 under 100 mg As/kg as sodium arsenite, which indicates adaptability of sunflower towards arsenic rich soils having arsenic concentrations up to 100 mg/kg.
